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The major purpose and direction of the study in this report vas to
ascertain the cause of the grain growth of the gas generator LFT-10 and
the extent to which the binder participated in this phenonenon. Areas
of investigation were entered only to the extent of their pertinence to
the problem and often not dealt with as completely as the investigators
may have desired.

The study was iniLated on 7 July 196h under Bureau of 'lava! ev'nq
Task Assignment RM 3731-00/2l6-/W00O-01 and research cn the funda-
mental aspects was completed under Bureau of .1aval Weapons Task Assign-
ment BRIP 22-066/216-l/Ro00-36-0 The connleticn date was 30 September
1961.

This report was reviewed for technical accuracy by Ronald A. Henry
and William R. McBride.
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TA5L 1. A onium Nitrate TransJtionsa

Phase Temp, Vol. changeb

reaction mC /g

I : II 125.2 0.013

II Z III 84.2 -0.038

III : IV 32.3 0.0221

IV : V -18 -0.016, -0.018

II IV 1V 15 to 51

b The data are taken from Ref. 1.
Sign is attributed to lower arrow

transition.

EIMETAL

All propellant samples uzed in our exneriments were received in the
form of 1/2-inch cubes that were trimmed to fit the dilatometer.

The sample of LPT-10 was manufactured by the Propellants Division of
Amoco Chemlcai Corporation, Chicago, and its composition is given in
Table 2. The ingredients are mixed at 90°C. poured J 'o molds at 105-
1100 C, evacuated for 1 minute, and then pressed for 2 minutes at approxi-
mately 4,400 psi. The den3ity as measured in n-hexane at 250 C was
1.514 g/ml (theoretical density 1.56 g/ml). Two determinations were made
with this material.

To evaluate the effect of a eutectic composition upon the tran-.tions
of am:aon.u niv.rate, two propellants were prepared in a eomcn bin. --r.
The sample PL320 -R contained a mixture of gr:.d at.-u! nitrate and
ground guanidine nitrate in a 70:30 ratio. The sample PL3205 contained
a 10:30 melt, which is clo3e to the eutectic composition (74:26; Ref. 4).
The malting point of the fused mixture was 1280 C and that of the eutectic
is 127.7 0 C (Ref. 1). The melt was ground to 100-microu pnrticle size.
The binder for both samples was a Butarez Type II carboxyl terminated
polybutadiene and was cured with HX-868 (Minnesota Mining & Manufacturing
Co. designation for trimesoyl-trismethylaziridine) crosslinking agent.
Both lots were made up in 300-gram batches, mixed in 1-pint Baker-Perkins
vertical mixers, and cured for 1-5 -ays at 70 0C. The densities as
measured in n-hexane at 250 C for 2L3205 and PL3320.-R we.re 1.3554 g/%l
and 1.3496 g/n!, respectively (theoretical density 1.4 g/l). The
prop-llants were cut into 1/4-inch-strivs.

The amonium nitrate was a sarple of J. T. Baker Analyzed Reagent.
It was dried fcr 2 d"ys under vacuum at 70 0 C. The density was taken as
1.725 g/_l at 180 C (Ref. 1).
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FIG. 5. Specific Volume-Teperature Pelationsuip for PL3205
and PL320 R.

An increase of 0.614% in apecific volume Yas observed between 50 and
52°C for LFT-10. X-ray diffraction data obtained at room temperature
aid at 70CC indicate that this transition is the IV * I transition of
a..oniun nitrate and vil be the subject of furthe- discussion. On
cooling, this transition does not occur until slroxiately 4r,'

The results for azaoium nitrate are given in Fig. 4 and Table 3.
Only the Ugher temperature behavior was studied and the experiment vas
started at COC. No transition was observei bezveen 30 and 35C, but a
broad transition did occur between 40 and 50*C. This vas shown to bethe - III transition from X-ray data obtsined at room temorature and
at 70 0C. The transition temperature was shifted to an clerkted tempera-
ture because of the partial drying of the azio~iu,, nitrate.

The specific volune-temperature data for PL3eO5 and PL3204.R 3re
given in Fig. 5. The results are similar to those obtained with aSonium
nitrate. No transition van observed between 30 and 35C, but a brosd

9
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transitiun pe.ared te-eten LO and 50*C for both r "205 and PL320a-R.
This transition is deduced to be the iV * II transition of acnium
nitrate. The plots and the expansion coefficieaits indicate that the use
of a mixture near the 3utectic ccoposition of ammonium nitrate and
guanidine nitrate does not alter the a=oniun. nitrate tranzition.

Tne differential ther=al analysis results for !X.-lO and anw'nim
nitrate are quite sinilor Aoniu= nitrate had endotherns at 46, 92,
130, and 173C The LFT1-10 had endot*her at 46, 87, and 1210 C. No
transitien is observed at 1730 C, the melting point of anlonium nitrate.
The endotherm at 87*C for L-.-IO was smaller, however, than the one at
92'C for a=oniun nitrate.

It must be ccacluaed from these results tu:at the thermal behavior cf
LF?1-lO fron -31 to 750 C is essentially due to the a ==aium nitrate. The
second order transition of the cellulose acetate binder, which is well
plasticized by the acetyl tri-thyl citrate, -- st either be below -320 C
or is too -- al' to be measured by this technique.

It has been shown from the analysis of the PL32059, PL3204-R, and rm-
monium nitrate experiments that the cbserved transition vas the IV - III
a-onlua nitrate type, while in the LFT-31, the mai transition was the
IV - 1 transition. Thir difference in behavior might be explained as
follows: the propellant, Uhr-l0, is processed and the grain pressed at
a temDerature well above the III - II transition teperatur- causing most
of the amoaium nitrate to be in the II form. When, the grain is cooled
down, the aunni= nitrate passes directly into the I. form since there
is very little moisture present. Upon heating the grain to 74"C in the
aging test, the II form predominates. Hovwe-cr, azcording to the results
of the differential thermal analysis at W 0 C it anpears that some of the
III form is present. These crystals ay facilitate conversion of II to
the more stable III upon absorption of small amounts of moisture. This
conversion gives rise to a volume increase. The PL3201R, PL.-205, nd
aimoni=ui nitrate samples *sere never beaten to a te-eraare bneri . ae
II* II transition temperature and probably contained s 5 -n!sre.
Therefore, these samples undergo the IV - III transition.

Tuking the volume of the gas generator grain as 80.60 in. 3 , the in-
crease in volume of the grain would i e 2.15 in. 3 when the uenperat,-e is
increased from 25 to 750C. If the amoniun nitrate is "hen canv-rted into
the III form on standing as suggested the volm- would i.2rease even more.

It is surgestcd that if the LFT-l-0 grains are prepared while the
a-.onl-u nitrate is In the III form, the severe growth prcblem arild be
di=ir.ished.

The results &lso indicate that the forming of a eutectic with guani-
dine nitrate has very little effect upon the anoniu nitrate transition,
and that the Butarez binder has very little effect ucon either the
trarnsiticn o1 the eutectic or the xed crystal .tys.-en.
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